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SOP No. 150 - PROCEDURE FOR THE DETERMINATION OF SULFUR IN
FUELS BY ENERGY-DISPERSIVE X-RAY FLUORESCENCE
SPECTROMETRY

1 I ntroduction

1.1 This procedure describes the determination of salbatent in petroleum
products such as marine gas oil and marine diélsey energy-dispersive
x-ray fluorescence spectrometry.

1.2 This method determines total sulfur in liquid hyclidoons with a boiling
point range from approximately 25 to 400 degredsi@® with viscosities
between approximately 0.2 and 10 cSt (mm/S) at r@mperature. This
procedure is applicable to products having suléntents in the range of
0.03% (Wm) to 5.00% Vm). The term “% iVm)” is used to represent
the mass fraction of analyte/sample.

1.3 The Air Resources Board utilizes this procedurdédtermine compliance
with regulations for fuel sulfur for ocean-goingsgels within California
waters and 24 nautical miles of the California waigseline (13 CCR
2299.2 and 17 CCR Section 93118.2).

1.4 This procedure is based on ISO 8754:2003 (E), leetmo Products-
Determination of Sulfur Content- Energy-dispers¥sRkay Fluorescence
Spectrometry.

2 Method

2.1 An Energy-dispersive X-ray spectrometer is usemhéasure sulfur

contents in marine gas oil and marine diesel oil.

2.2 The sample is placed in the beam emitted from amayXsource. The
resultant excited characteristic X radiation is swgad and the
accumulated count is compared with a calibrati@plmplotting counts
against sulfur content as percentage by massy#{, on a series of
calibration samples covering the range of sulfurtents under
examination.

2.3 This test method provides rapid and precise measneof total sulfur in
petroleum products with a minimum sample prepanatia typical
analysis time is 1-4 minutes per sample.

3 I nstrumentation and Appar atus

3.1 Energy-dispersive X-ray fluorescence analyzer:amgesuitable model

source of X-Ray excitation (such as Oxford X-Supge8000): with
significant X-ray flux at energies above 2.5 keV.
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Removable sample cup: providing a sample depth lebat 3 mm, and
equipped with replaceable X-ray transparent Myilar.f

X-ray detector: with high sensitivity at 2.3 keV

Filters: or other means of discriminating betweelfius Ka radiation and
other X-rays.

Reagentsand Materials

White oil (light paraffin oil) of high purity gradevith a maximum sulfur
content of 20 mg/kg.

Sulfur compounds, of known sulfur content, usedlfier preparation of
the primary standards. Suggested compounds agezbthiophene
(DBT), dibutylsulfide (DBS), or thionaphthene (TNA)

Certified reference materials: use materials fromaonal standards body
or accredited supplier, with a range of certifietfiug contents for the
production of calibration curves for routine an&y$or example, D8754
standards in mineral oil with weight values of @%§ 0.300%, 0.500%,
1.00%, 1.50%, 2.00%.

Quality Control Sample: petroleum product with #wsuconcentration
between 1%-1.6%.

Carrier gas: helium, high purity grade, 99.998%imum purity.

Calibration Standards Preparation

Use either certified reference materials, or pryveandards prepared
from sulfur compounds dissolved in white oil asagib for preparation of
the appropriate range of calibration standards.

Certified Reference Materials

Certified reference materials: use materials fromagonal standards body
or accredited supplier, with a range of certifietfug contents for the
production of calibration curves for routine an&y$or example, D8754
standards in mineral oil with weight values of @%§ 0.300%, 0.500%,
1.00%, 1.50%, 2.00%.
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5.3 Prepared Standards
5.3.1 Prepare a range of at least three primary stand&itiser use primary

standards to prepare the calibration standardslinyoth with white oil, or
prepare the complete range of calibration standards

5.3.2 Weigh the appropriate quantity of white oil (Talie into a 100 ml
container and add the corresponding quantity osétected sulfur
compound. Mix the contents of the container thghdy at room
temperature.

5.3.3 Calculate the exact sulfur contewt, expressed as a percentage by mass
[%(m/m)] to three decimal places in each case, from theumts of white
oil and sulfur compounds used as below

Ws= My X Ws ¢
m + Ny

where

my is the mass of sulfur compound, expressed in grams

Ws cis the sulfur content of the sulfur compound, egpesl as a
percentage by mass

M is the mass of the white oil, expressed in grams

Table 1
Approximate White Oil DBT DBS TNA
sulfur content
% (m/m)
5 40.0 16.1 11.8 10.6
4 40.0 11.95 8.95 8.05
3 40.0 8.3 6.3 5.75
2 45.0 5.85 4.5 4.1
1.5 45.0 4.25 3.3 3.0
1 45.0 2.75 2.15 1.95
0.5 50.0 1.5 1.15 1.05
0.3 50.0 0.9 0.7 0.65
0.1 50.0 0.3 0.25 0.2
0.07 50.0 0.21 0.18 0.14
0.05 50.0 0.14 0.11 0.1
0.03 50.0 0.09 0.07 0.07

Effective 2009/10/21 Page 4



SOP No. 150 - PROCEDURE FOR THE DETERMINATION OF SULFUR IN
FUELS BY ENERGY-DISPERSIVE X-RAY FLUORESCENCE

)

SPECTROMETRY
5.4 Calibration standards: for analyzer without curvatiitting, use
calibration standards in four ranges (Table 2).
Table 2
Range Sample sulfur content Standard sulfur content
% (m/m) % (m/m)

1 0.031t0 0.10 0, 0.03, 0.05, 0.07, 0.1(
2 >0.10 and& 0.5 0,0.1,0.3,0.5

3 >0.5 anck 2.0 0.5,1.0,15,2.0

4 >2.0 an&k 5.0 2.0,3.0,4.0,5.0

55 Prepare the sample cup in accordance with the raeturér’s
instructions. Cover the base of the cup with wimditm, avoiding skin
contact, and fill to a depth of between 3 mm anan20, or up to the line
indentation on the side of the cup, with the calilon standard. Ensure
that the window is smooth and taut and that thexena air bubbles
between the window and the liquid. Taking conseewingle readings
from the same cup is not recommended.

5.6 In regular use, check at least two points on eatibration curve not less
frequently than weekly. This shall be accomplishgdising set-up
standards, which have been assigned and seleotadafr inspection of
the calibration curve.

6 Procedure

6.1 Fuel samples are collected in glass bottles orlatasters and delivered
to the laboratory.

6.2 Prepare and fill the sample cup with the test paréis described in 5.5.

6.3 For volatile samples, care should be taken to priewendow bowing if
the sample cup is capped.

7 Calculation of Results

7.1 The sulfur concentrations, given in #(n), are calculated by the data
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on a series of calibration samples covering thgeast sulfur contents
under examination.

Quality Control
Calibration Standards Analysis

Calibration standards are prepared as needed .edtimated that the
standards will maintain a shelf life of about oma This depends on
how often the standards are uncapped. Workinglatds are stored in
the refrigerator. The multi-level calibration igryearly and should be
linear. The adjusted r-squared value must be &.%@eater. If it falls
below 0.99, the calibration should be rerun anthierinstrument should
be checked for possible malfunction or requiredmeaiance.

Control Sample Analysis

The control sample is analyzed at the beginningeanttlof the sample set.
A control chart is maintained for the control saeapThe upper and lower
warning levels are set within twice the repeatbdf the robust mean of
an ASTM crosscheck sample.

A control sample is out-of-control when the meadwalue of sulfur
exceeds the 3s limit or when two successive measnts of the control
sample exceeds the 2s limit. If the QC samplaitsob-control, the
calibration and QC sample must be rerun. If th&rmb sample continues
to be out-of-control, determine the cause of tlablam before analyzing
any samples.

A NIST SRM sample will be analyzed on a quartedgib. The control
limit must be within the repeatability value.

Safety Precautions

Prepare fuel samples and standards under a funte hoo

Wear safety glasses and disposable gloves wheritgifigels or solvents

Fuels and solvents may be harmful or fatal if ingeéor inhaled

All fuels and solvents should be treated as exthgftenmable and
explosive
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9.5 The instrument produces high intensity x-ray radratvhen energized.
9.6 Beryllium present inside instrument, avoid contact.
9.7 Additional safety procedures can be found in th8upreme instrument
user’s guide.
10. References

10.1 California Code of Registration, Title 17, Sect@i118.2. Airborne Toxic
Control Measure for Fuel Sulfur and Other Operatid®equirements for
Ocean-going Vessels within California Waters andN24itical Miles of
the California Baseline.

10.2 California Code of Registration, Title 13 Sectid?99.2. Fuel Sulfur and
Other Operational Requirements for Ocean-going &essithin
California Waters and 24 Nautical Miles of the @alnia Baseline.

10.3 ISO 8754:2003 (E), Petroleum Products- DetermimatioSulfur Content-
Energy-dispersive X-Ray Fluorescence Spectrometry.
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